Treatment with allogeneic hematopoietic stem cell transplantation (HSCT) is associated with short and long-term toxicities that can result in alterations in sexual functioning. The aims of this prospective evaluation were to determine: (1) associations between HSCT and increased sexual dysfunction 1 year after treatment; and (2) associations between sexual dysfunction, body image, anxiety and depression. This controlled prospective cohort study was conducted from October 2010 to November 2013. Patients completed assessments 2-3 weeks before HSCT (N = 124) and 1 year after treatment (N = 63). Assessment included descriptive data, Sexual Functioning Questionnaire, Body Image Scale and Hospital Anxiety and Depression Scale. The results showed a significant decline in overall sexual function in both men and women (P = o 0.001, P = 0.010, respectively), although men generally scored higher than women. Forty-seven percent of men and 60% of women reported at least one physical sexual problem 1 year after HSCT. Patients with chronic GVHD trended toward reporting lower levels of sexual function. Finally, women with chronic GVHD scored lower than those without chronic GVHD on the sexual function problem subscale (P = 0.008). Sexual dysfunction remains a major problem for men and women 1 year after HSCT and requires routine evaluation and treatment after HSCT. 
INTRODUCTION
In the last decade, there has been advancements in hematopoietic stem cell transplantation (HSCT) for hematologic malignancies, including an increasing number of patients having access to HSCT, reduced toxicity of treatment regimens and improved survival rates. As a result, HSCT is now available to patients with a broader spectrum of diagnoses, more advanced stages of disease, older age and with more comorbidities. 1 The existing evidence concerning sexuality in patients following HSCT may therefore not reflect experiences of patients undergoing HSCT today. Sexual dysfunction is a frequently described problem in quality of life studies after HSCT, and is one of the most common long-term issues following HSCT. [2] [3] [4] Long-term sexual complications include decreased libido, and difficulty reaching an orgasm in men and women, vaginal dryness, atrophy and stenosis in women, and erectile and ejaculatory dysfunctions in men. These can lead to avoidance of sexual activity, dyspareunia, and sometimes vaginal or penile bleeding and irritation. [5] [6] [7] [8] Treatment with HSCT is associated with short and long-term toxicities affecting sexual function, due to the conditioning regimen, gonadal function changes that result from treatment and chronic GVHD among other factors. 9, 10 It is not known how myeloablative and non-myeloablative HSCT influence sexual dysfunction, however, these transplant types differ greatly in their conditioning regimens and risk of chronic GVHD. 1, [11] [12] [13] [14] One of the major determinants of sexual dysfunction is chronic GVHD, 8, 11, 15, 16 which can manifest anywhere in the body, however, genital chronic GVHD can lead to severe complications. 9, 12, 17, 18 Genital chronic GVHD can lead to vaginal stenosis, scar tissue, soreness and adhesions in blood vessels, rash and increased sensitivity in the skin around the penis. 9, 12, 17, 18 The incidence of genital chronic GVHD allogeneic HSCT recipients are reported to be 35-52% in women 17, 19 and 20% in men. 20 Furthermore, chronic GVHD and its treatment with high-dose corticosteroids may induce changes in physical appearance to such an extent that sexuality and body image are negatively affected. Body image changes, anxiety, depression, decreased self-confidence, fear of disease recurrence, concurrent life stress and concerns about infertility are some of the psychological factors that may disrupt the sexual response cycle. [21] [22] [23] The existing evidence suggests there is a decrease in sexual activity and quality of sex life following HSCT. However, owing to new developments in treatment regimens over the past decade these results may not reflect HSCT patient outcomes today. In addition, few studies are longitudinal and most have not examined the nature of this dysfunction in depth. 24 In this study, we hypothesized that HSCT, and specifically female gender, non-myeloablative conditioning regimen and chronic GVHD would be associated with increased sexual dysfunction 1 year after HSCT. The primary aim was to examine the association between treatment with HSCT and sexual dysfunction 1 year after HSCT. Secondary aims were to identify the associations between sexual dysfunction, body image, anxiety and depression.
MATERIALS AND METHODS
The study is a clinically controlled, prospective cohort trial with two test time points. Patient-reported outcomes were completed during the preexamination week, 2 weeks before HSCT and at the 1-year control visit at 1 the bone marrow transplant outpatient unit. Participants with hematological disease undergoing HSCT were eligible at both assessments if ⩾ 18 years and were excluded if unable to read or speak Danish, had a cognitive disorder or if it was assessed unethical to enroll the participant in the study because of poor general health or suspicion of relapse. No exclusions were made for sexual orientation or sexual partner. Participants were approached in the outpatient clinic at the Department of Haematology, Copenhagen University Hospital, Rigshospitalet from October 2010 to November 2012. Patients were identified and recruited by the primary investigator (KHN). Patients received oral and written information, guaranteed anonymity and informed that they could withdraw from the study without explanation and without impacting their treatment or access to care. As the topic of this study can be characterized as sensitive, there was emphasis on building trust and explaining the value of the information at the time of enrollment. All patients who agreed to participate signed a written informed consent and received a stamped addressed envelope for their reply. 
Outcome measures
Descriptive data were obtained from the Danish HSCT database and through medical chart review. Data were entered into the HSCT database by data managers (nurses) through medical chart review. Data included age, education, marital status, occupational status, diagnosis, type of treatment and GVHD status, which included degree, stage, location and length of treatment with corticosteroids. Chronic GVHD was defined according to the NIH criteria 14 and graded as limited or extensive and mild, moderate or severe.
14 Fertile women were evaluated by a gynecologist at 3 and 6 months, whereas all women were seen systematically 1 year after HSCT for overall genital health including GVHD evaluation. Men were not evaluated at specific time points, however, both men and women were examined for genital GVHD when there were symptoms or other reasons for suspicion of genital GVHD, and then they were referred for further evaluation according to standard clinical practice. Locations of GVHD is registered in the HSCT database for all patients receiving HSCT at specific time points, for example, 3 months, 6 months, 1-year after HSCT. We extracted data on GVHD from the HSCT database and manually examined the medical charts on all patients at follow-up to get a complete picture of GVHD status and symptoms.
Patient-reported outcomes included:
(1) The 37-item Sexual Function Questionnaire (SFQ) has well-defined reliability and validity with HSCT and normative samples, 25 assessing nine domains (interest, desire, arousal, orgasm, satisfaction, activity, relationship, masturbation and problems). Male and female versions match in content and scoring with the exception of differing sexual problem content. Frequency of sexual thoughts and behaviors were reported. Sexual responses, satisfaction and problems were rated for intensity or frequency of occurrence during sexual activity. Sexual activity the past month and year are reported and, if not sexually active, respondents check reasons from a list of possibilities. Higher scores indicate better sexual function or less frequent problems. Scores (mean) in overall score and subscales range from 0 to 5. The questionnaire was translated into Danish according to the guidelines from the 'translation and cultural adaptation group' in 2010. 26 Linguistic validation was done in collaboration with the author of the SFQ Karen Syrjala (KS).
(2) The 'Body Image Scale' assesses 10 items: affective (to feel feminine/ masculine, to feel attractive), behavioral (avoid people because of appearance) and cognitive (satisfaction with appearance). 27 The items are categorized as 'not at all', 'a little', 'quite a bit', 'very much' with zero scores representing no symptom/distress, and higher scores representing increasing symptom/distress. (3) The 'Hospital Anxiety and Depression Scale' consists of 14 items, with responses being scored on a scale of 0-3, with 3 indicating higher symptoms of distress. The score for each subscale (anxiety and depression) can range from 0-21 with scores categorized as follows: normal (0-7), mild (8-10), moderate (11) (12) (13) (14) , severe (15) (16) (17) (18) (19) (20) (21) . 28 Descriptive data were obtained and patient-reported outcomes were completed at baseline and 1 year after HSCT.
Statistical analysis
Statistical analyses were conducted using SPSS for windows version 19 (Copenhagen, Denmark). Longitudinal analyses were conducted on the subset of 63 patients who completed the questionnaire at both time points. Chi-square test was used in measuring difference in demographic characteristics between baseline and 1-year test. In addition, sexual activity, physical problems and reasons for not being sexually active were Assessed for eligibility (n =183)
Topic too private (n =7) Ethical reasons (n =6) Language barrier (n =5) < 18 years (n =4) Did not receive a HSCT (n =7)
Did not respond to reminders (n =13)
Lost to follow-up (n =14) Lack of energy (n =3) Did not respond to reminders (n =11)
Discontinued study assessment (n =49) Died (n =41) Relapse (n =2) Ethical reasons (n =7)
Baseline assessment (n =124)
1-year follow-up assessment (n =63) Figure 1 . Consort flowchart.
Sexual function and hematopoietic stem cell transplantation KH Noerskov et al compared for baseline versus 1 year separately for men and women using paired t-test. The same data were compared for men versus women using independent sample t-test. SFQ scores both overall and subscales were analyzed in relation to gender, treatment regime and chronic GVHD using independent sample t-test. Pearson correlations were used to identify associations between SFQ scores, body image, anxiety and depression. Throughout, two-sided P-valueso0.05 obtained in chi-square tests or ttests and 95% confidence intervals that included unity were considered indicators of statistical significance.
RESULTS
A total of 183 potentially eligible patients were approached for study participation. Of these, 124 patients (77%) provided informed consent and completed questionnaires at baseline and 63 patients (49%) 1 year after HSCT ( Figure 1 ). Reasons for dropout at the 1-year assessment was due to death (n = 41), ethical reasons (n = 7) and relapse (n = 2). Table 1 provides demographic and medical characteristics for participants in the study at both time points. There were no gender differences in any characteristics between baseline and 1 year.
Physical sexual problems Both genders experienced an increasing number of sexual problems from baseline to 1 year after HSCT (Tables 2 and 3 ). The largest increase (percent change) among men was in difficulty achieving or maintaining an erection (18.7-47%) and for women it was vaginal dryness (17-60%). At 1 year, 47% men and 60% women experienced at least one physical sexual problem. In men experiencing physical sexual problems between13 and 66% were sexually active within the last month. In women experiencing physical sexual problems between 40 and 80% were sexually active within the last month.
Sexual function and HSCT Men reported being more frequently sexually active than women in the past year (P = 0.049) and the past month (P = 0.003) at baseline. However, this difference was not significant 1 year after HSCT (Table 4) . Reasons for sexual inactivity varied and are shown in Table 4 . For men, the most prevalent reason given for absence of sexual activity was physical or sexual problems. For women, lack of libido and physical or sexual problems were equally indicated as reasons for absence of sexual activity. Men declined significantly in overall SFQ score (P o 0.001) and all SFQ subscales between baseline and 1 year, compared with women who declined in overall score (P = 0.010), orgasm (P = 0.004), relationship (P = 0.043) and problems (P = 0.004) ( Table 5 ). Despite their decline from baseline to 1 year, men had higher overall SFQ scores and subscale scores at both baseline and 1 year compared with women.
Sexual function and conditioning regimen Both men and women regardless of their conditioning regime (myeloablative or non-myeloablative) declined significantly in overall SFQ scores from baseline to 1 year (P o0.05). Yet there was no significant difference between the two conditioning regimens in overall SFQ or SFQ subscales. However, women treated with non-myeloablative conditioning regimen scored significantly lower than myeloablative women in overall SFQ score (P = 0.034), arousal (P = 0.008) and interest (P = 0.024) at 1 year.
Sexual function and GVHD More men than women were diagnosed with chronic GVHD during the first year after HSCT (Table 6 ). Approximately 80% of them still had chronic GVHD 1 year after HSCT and were still receiving corticosteroid treatment. We found no incidence of genital GVHD recorded in the HSCT database in any respondents. Yet, with a medical chart review we found there were two female patients diagnosed with genital GVHD by 1.5 and 2 years post HSCT. These two women also had high scores on physical sexual problems (vaginal dryness, vaginal tightness and pain during intercourse) at 1 year. Furthermore, we found that men, in contrast to women, even when reporting high scores on physical sexual problems in our assessments, did not report genital symptoms to their nurse or doctor. It also appears from the medical charts that the few men who reported genital problems were referred to a urologist (n = 4), an endocrinologist (n = 3) or a department of growth and reproduction (n = 3). All women were evaluated on the earlier described time points after HSCT.
There was no difference in overall SFQ scores and subscales between men or women with chronic GVHD versus without chronic GVHD (Table 6 ). Although participants with chronic GVHD scored lower descriptively on overall SFQ and subscales, the differences were not significant in both genders. Women with chronic GVHD scored significantly lower on the SFQ problems subscale (P = 0.008), but not on the overall SFQ or other subscales.
Sexual function, anxiety, depression and body image The correlation between sexual function, anxiety, depression and body image at 1 year was examined in bivariate correlations (complete data are attached as Supplementary material). In men, decreasing depression correlated strongly with better overall sexual functioning (P o 0.001), as well as orgasm (P = 0.014), satisfaction (P = 0.004) and relationship (P = 0.018). Furthermore, there was a negative correlation between anxiety and orgasm (P = 0.048) and better body image in men (P = 0.013). In women, anxiety was not correlated with sexual function or body image. In fact, only arousal correlated with depression in women (P = 0.005). Body image was not correlated with sexual function in either men or women.
DISCUSSION
Although there has been progress in the treatment of hematological malignancy with HSCT during the last decade, this study finds that sexual dysfunction is still a considerable problem for patients undergoing allogeneic HSCT and worsening 1 year after HSCT. The results also emphasize that changes in patient characteristics, in regard to diagnosis, stage of disease, age and general health condition, may have a significant influence on the incidence and prevalence of sexual dysfunction.
Consistent with studies of sexual function in the general population and among other cancer survivors, men reported better sexual function than women. 24, [29] [30] [31] However, at 1 year, HSCT had a persistent negative impact on sexuality in both genders. Yet men declined significantly over time in all aspects of sexual function in contrast to women who began and remained low in function. These findings have not been described in earlier studies that focus primarily on women. 24 Our results showed that men experienced a greater deterioration in sexual function than women, which may indicate that men may be more vulnerable to changes induced by treatment with HSCT. On the other hand, women entered HSCT with poorer sexual function and thus experienced greater sexual dysfunction than men at both time points. In contrast, Christensen et al. 30 found in a Danish study with healthy adults that both genders had the same prevalence of overall sexual dysfunction (11%). However, it is important to emphasize that the overall SFQ scores in this study are lower, indicating greater sexual dysfunction, than healthy controls and other cancer survivors in studies using the same questionnaire. 25 Physical sexual problems either remained consistent or increased and levels of sexual activity decreased for both genders, suggesting that physical difficulties contribute to sexual inactivity. Consistent with similar studies in the general population and among other cancer survivors, 9,24,29,30 men had been more frequently sexually active than women before treatment, however, this trend weakened over time. This can be explained by the fact that women's sexual function was already low at baseline, and a majority of women were post-menopausal before HSCT, which likely contributed to their entry into HSCT with impaired sexual function. In addition, longitudinal studies with HSCT patients (42 years of follow-up) show that men to a greater extent reestablish their pre-HSCT level of sexual activity compared with women. 4, 5 This suggests that men's sexual dysfunction is more reversible without intervention compared to women. In this study, we found 47% men and 60% women experienced 1 year after HSCT at least one physical sexual problem. Syrjala et al. 5 found similar results with 46% males reporting at least one sexual problem versus 80% in women. In both studies, a larger percentage of women reported having at least one problem, indicating that women are at greater risk of experiencing physical problems that can affect level of sexual activity. In this context, it is interesting that both men and women, in this study, who reported physical sexual problems, were not necessarily sexually active 1 year after HSCT.
This study is the first to analyze the association between conditioning regimes and sexual function. We found no evidence linking type of conditioning regime with sexual dysfunction despite great differences in age and risk of chronic GVHD. 1, [11] [12] [13] [14] Similarly, other studies report no difference between allogeneic and autologous HSCT in sexual function. 32, 33 Chronic GVHD was not significantly related to sexual dysfunction, which may be due to the small number of patients who continued to have chronic GVHD 1 year after HSCT. Women with Percentages for the row 'overall' reflect the proportion of men compared with women. Percentages for column: baseline and follow-up, reflects proportions with the particular level of age, marital status etc. P-values are measured using chi-square test.
Sexual function and hematopoietic stem cell transplantation KH Noerskov et al chronic GVHD did report more sexual problems than those with no chronic GVHD. This suggests that chronic GVHD may be a contributory factor in developing sexual dysfunction particularly in women. This is consistent with a study identifying associations between chronic GVHD and sexual dysfunction. 24 In contrast, Schmidt Knutsson et al. 20 found genital chronic GVHD in 22 out of 42 (52%) female HSCT recipients, 9 of whom had partial or total vaginal stenosis. In addition, Mueller et al. 19 found genital chronic GVHD changes in 31 out of 155 (20%) male HSCT recipients. However, no participants in this study were diagnosed with genital GVHD during the first year after HSCT, although both genders reported a high prevalence of symptoms that could be related to genital GVHD. When reviewing the medical records, we found two women who were diagnosed with genital GVHD after the 1-year follow-up. This indicates that there is a need to focus on the development of genital GVHD after the first year of HSCT. Furthermore by linking the information found in the medical records and the questionnaires, we found that most men, who reported physical sexual problems, did not report these problems to their doctor or nurse. This is of clinical importance, especially in men in clarifying the individual need for further evaluation of genital GVHD and sexual health in general. In all, these results suggest that Percentages for physical problems reflects proportions among all men at baseline and follow-up. P-values are measured using paired t-test. Percentages for physical problems reflect proportions among all men at baseline and follow-up. P-values are measured using paired t-test. Po0.05 baseline values men versus women. Percentages for 'sexually active in the past year or past month' reflect proportions among all men and women at baseline and follow-up. P-values are measured using paired t-test.
genital GVHD may be under-reported and consequently under evaluated and treated, particularly for men, and possibly for both genders at later time points of 1 or more years after HSCT.
In addition, there are several reasons that may explain the lack of recognition and diagnosis of (chronic) genital GVHD. First, chronic GVHD treatments may have improved the incidence of genital GVHD in the study cohort. Second, genital symptoms associated with chronic GVHD lack specificity especially in men, and most of them can also be related to the conditions caused by conditioning regimens and previous chemotherapies. 12, 17 Third, genital involvement in men was absent in the National Institutes of Health consensus publication where organ scoring of genital chronic GVHD only comprises female genital symptoms.
14 Moreover, oral steroids, which are often prescribed for other localizations of chronic GVHD, seem to have relative efficacy toward genital GVHD, as suggested by the fact that, in many patients, genital lesions develop soon after or during the tapering of systemic steroids. 12 This emphasizes the importance of focusing on risk of increased incidence of genital GVHD following tapering of treatment of systemic steroids for chronic GVHD in other organs and suggests that sexual dysfunction could increase after 1 year for those in whom systemic steroids are tapered.
The evidence concerning male genital GVHD and sexual dysfunction is lacking. 19, 24 Focus on symptoms and clinical manifestations of genital chronic GVHD is needed in order to improve diagnostic and preventive interventions in men.
Depression correlated with numerous aspects of sexual dysfunction in men, with fewer associations of anxiety with sexual function in men. In contrast, women had a no patterns of correlation between mental health or body image and sexual function other than increasing arousal correlating with increasing depression score. This one finding could be explained by a small sample size in women at 1 year after HSCT. Regardless, the overall results may be explained by the fact that women's anxiety and depression scores were relatively high and sexual function low already at baseline assessment, perhaps resulting in less room for reactivity to HSCT and ceiling effects for depression and anxiety. For men, this result is consistent with Gruber et al. 34 who found significant correlations between anxiety or emotional stress, pain, stress in partnership or family and sexual problems. Therefore, anxiety and depression may be important factors in the development of sexual dysfunction. It is unclear if sexual dysfunction leads to anxiety and depression or vice versa, or both are a result of other factors. Regardless, it is important that health professionals are aware of the correlation between sexual dysfunction and anxiety and depression when implementing preventive and diagnostic interventions in clinical practice. 35, 36 Po 0.05 follow-up scores men versus women using independent t-test. All visible P-values are measured using paired t-test. Percentages for 'diagnosed with chronic GVHD' reflects proportions compared with all men and women, respectively, at 1-year follow-up. Percentages for 'degree of chronic GVHD' reflect the total proportion in men and women diagnosed with chronic GVHD, respectively. The total percentage for 'organs involved' is 4100% as some patients have more than one organ involved.
The strengths of this study include the prospective 1-year follow-up with a relatively large cohort, low dropout rate for those surviving 1 year after HSCT and detailed assessment of sexual function. A limitation of the study is that sexual function before diagnosis was not known. Sample size was insufficient to adjust for age and to examine whether variables (gender, conditioning regime and chronic GVHD) could predict sexual dysfunction. Results are not generalizable to patients undergoing autologous HSCT or other cancer survivors. Further, the Danish version of the SFQ achieved linguistic validation and followed the translation guidelines from the 'translation and cultural adaptation group'. 26 Finally, the SFQ questionnaire does not have cutoff points to indicate sexual dysfunction, which makes it difficult to evaluate whether the changes of SFQ scores are clinically significant.
This study emphasizes the need for increased focus on sexuality and sexual function in the HSCT clinical setting. Improvements in the diagnosis of genital GVHD and its registration are crucial. Although evidence suggests that genital GVHD is related to GVHD in other organs and the risk increases when tapering systemic steroids, patients are not examined systematically for genital GVHD during treatment for GVHD in other organs. In addition, future studies exploring the degree to which the inevitable decline in endogenous sexual hormones influences sexual function in both men and women are essential in order to understand the mechanisms behind the development of sexual dysfunction. Many treatment options are available, but for patients to be identified to receive these treatments, conversations about sexual dysfunction must be initiated in the medical setting. Dialog about sexual function can help normalize concerns for patients, debunk myths, provide a basis for brief counseling or serve as an entrée for a referral and it is imperative that these conversations become an integral part of cancer care. 9 In conclusion, this study confirms that advances made in the treatment of HSCT over the past decade have not reduced the problems related to sexual dysfunction in survivors of HSCT. Patients experience sexual dysfunction 1 year after HSCT, and nearly half of men and a majority of women experienced at least one physical sexual problem at this time. Men experienced a greater decline in all aspects of sexual function, but women had a lower sexual function than men at both time points. These results indicate the need for routine assessment of sexual function, increased attention to genital GVHD symptoms that may be detected with evaluation of sexual symptoms, and increased availability of interventions to improve sexual function for HSCT survivors.
